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WINGCUTTINGEQUIPMENT.

JamesB. Ford.

The~~ng cuttingequin~nt ~bo~tto be describedwasde-

signedandbuiltby Mr.W. H. Nicholsin his shopsat Waltham,

Massachusetts.Itsconstructionwasundertakenin ordertomeet

thelong-feltnecessityfora

vindtunneltestswhichwould

a pricecommensuratewiththe

meansof producingmetalwingsfor “

be accurateandfair,andyetwithin

valueof a modelwingtest- The

designandinstructionwas commencedlatein 1921,andafter

.. overcomingthedifficultieswhichtheproblempresented,wings

werebeingcutinAudmst,1922. Thewingcuttingmachinewill.
makeanysizeof constant-sectionwingor strutup to six-inch-J-

chordby thirty-sixinchspanandup to a thicknessof 1 1/4””

It cutsa smooth,truemodelthatis accuratetowithintwO-

thousandthsof an inchon anyordinate.Theholdingjawsareso

designedas to leavethemodelfreeof chipmarks,andtheon~Y

handfinishingnecessaryafterthecuttingisa rubwithamunite..=*

paperto removeburrs. Theactualchangein ordinatein this

finishingrubis lessthan.0002”=

It hashithertobeenthepracticetousewoodenmodelsfor

windtunneltestsbecauseof thealmostprohibitivecostof those

cutfrommetalqWood,however,has theveryseriousdisadvantageh
● of non-permanencein that,howeverwellthestockbe seasoned,



thewingwillchangeitsshapedue tothefactthatunmUal a~ount~.

arecutfromthetwosidesof theblankin order‘W formthewing.

?hen,too,a thinwingrhichis supportedby thetip,as is the

caseon balancesof tineN.P.L. type,willoftendeflectsuffici-

entlytOpermitbadvibrationat largeangles.Intinecaseof _—
a Comjjle%emodelwi.tithin~ngs inw~ch theforcestobe taken

throu@o~ewingtipareperhapstwiceas greatas On a single.-

airfoil,theuseofmetall,~ingsbe~mes almostimperative.Since

iii ishighlydesirableb havewingswhich-r-illYetaintheirtrlle

contouTduringaudaftertestandnotbe deflectedby theforces

theyhaveto stand,thevalueandim~rtanceof thisequipmentto. --—
aeronauticsandpartialarly -towind tunrle1 experim.entation my

.
be appreciated.

,
Thewingcuttingmachineproperis illustratedby Fimres-1 .

and2. It is essentiallyan automatichorizontalcamprofiler-

s maybe seenfromtheillustrations,themachineisamplYheavy

to absosbthecuttingvibrationsand eliminate‘solchatter.The

operatingcamconsistsof a truetempletof thedesiredwing

section,sixtimesthe sizeof modeltobe made- The templetis _

shownat ‘:A,~f(Fig.2),andmaybe madeof hardwoodor steel=

Thetempletrotateswiththewingblankandthetwocamrollsfol-

lowthetempletat 180°to eachother,%ltoperatingtheZOU@ing _.

cutterwhile“Cl;operatesthefinishingcutter.The camrolls

of coursearesixtimesthecutterdiameterandtheirmovementis
3

reducedin theratioof sixto oneby twosimplefour-barlink-,+
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● ages androckingshafts.Therockingshaftof thefinishingcut-

terlinkageis shownat llDn,whilethethreemovablelinksof the

linkagecanbe identifiedat l~E1t, ‘lFll,and‘IG1l. Theroughing

cutterlinkageis notso evident,beingonthe sideof thema-

chinenotshownin theplates.

The wing blankiS fedcontinuouslythroughtheholdingjaws

in theTOtatinghead

nutandsplinedlead

Mtions of theblank

andbetweenthetwocuttersby meansof a

screw.Boththespeedof feedandtherevo-

areadjustableandcanbe changedto suit

thematerial,beingcontrolledthrougha simplefrictiondiskdrive

shownat “H1~,(Fig.I). Thecuttezsaredrivendirectlyfro?nthe

beltedcountershaftsthroughdoubleuniversals.The coolantpump

isbeltdrivenfromthehigh speedcountershaft,. Thecoolantis

pipedto thecuttersandreturnsfromtheguardsthroughstrainers*
to thesumpin thebaseof themachine.A twolobecamispro-

videdat ‘Jlt,(Fig.1)on“therotatingheadwhichincreasesthe

angUlarvelocityof thetempletandblankat theleadingandtrail-

ingedges,where,becauseof theextremeelongationof theformto

be cut,theratioof linearvelocityof cuttoangularvelocity

islow. Themachineoperatesperfectlyand equallywellin cut-

tingwingsof variousmaterialsuchas wood,steel,du~alumin,etc.,

andof anysizeup to itscapacity.

TheLaying-outMachine.

Referencehasbeenmadeaboveto theoperatingcamshownat

+ “A”,(Fig.2), whichisin effecta truetempletof thewingsee-
,*
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tion@ be cut. The,neeawas soonfeltforan accuratemeansof

layingoutthesetempletswithfacility.Accordingly,thein-

strumentillustratedin Figures3 and4 wasbuiltup,usinga

lathebedandcarriage.Theblankfromwhichthetempleti~ to

be cutiS rigidlyattachedto theCrOSSslideof the.carriage

andtravelswithit. “KHcarriesa deci~llyThebridgeshownat

dividedscale,andis traversedby a verniercarriedon thecar-. .

riage,whichpermitsa readingof SOOl~’in spacingthe.stations_.

alongthechordof thesection.A seconddecimallydividedscale

shownat ‘lL1lisattachedto thecarriagenorml to thescaleon

thebridgeandis traversedby a vernierattachedtn thecross

slideof thecarriage,whichalsopermitsa readingof .001”in
.

layingouttheordinatesof theupperandlowersurfacesat the
b differentstations.Thusif thewin’gordinatesaregivenfrom

anydatumline,whichmayor maynotbe thechordline,thepoints

on thecontourmaybe laidin to .OO1l*,andthison a temPlet

sixtimesthesizeof theradelwingtobe cut,makingthefinal

possibleerrorof layoutlessthan.0002[!.A centeringdevice

attachedtothebridgeandsettobe at zeroin relationto the

scalesis fittedto takeeithera prickpunchor a smalldrilling

head. Ifa woodentempletisbeinglaidoutthepointson the

contourareprickedinwiththepunchandthecontourdrawnwith .

a splinexThetempletis subsequentlycutouton a bandsawand

finisheddownto thelineon a woodgrindingmachine-Ifa steel

templetisbeingmadetheordinatesarerecalculatedtobe inside,<●
.* of thetruecontourby .050t’(measurednormaltotheboundary)
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●

anda holeisdrilledin thesteelat eachpointby meansof the

drillingheadwhich

nowroughedoutand

againstpinspassed

fitsthecenteringdevice.Thetempletis -“

tlnena steelsplineis clampedon,resting

thmoughall thedrilledholes,andthetern-._

pletis readyforgrindingdowntothefinaltruecontoursinthe._

templetgrindingmachinedesczibedbelow. Thesumof tiethick- _

nessof thesplineandtheradiusof thedrilledholesisof

course.050”,theamountby whichthecentersof

insidethetruecontour.

TheTempletGrindingMachine.

grindingmachineisillustratedThetemplet
4 andisof theverticalspindletype. There.aretwoCarborundum

● wheelson concentricspindles.Thelowerwheel,shownat “Nf~,

(Fig.5),is drivenby themotorandgrindstheedgeof thetem-

plet,whiletheotherrunsfree,butisnotdrivenby themotor

unlessitis tobe dressedwiththediamionddownto thesamedi–

ameteras theworkingwheel. Afterbothwheelshavebeenaccu-

ratelydressedsquareandtruewiththediamondshownat “N’I,

theirverticalpositionis setwitha handwheelso thatthefree

wheelbearsagainstthesplineon thetempletwhilethedriven —

wheel“M”,whichdoesthecutting,isexposedonlyenoughto

grindthetempletflushandfairwiththebatten-Thusthetem-

plet isgroundabsolutelyto theordinatesrequiredanditscur–
. vatureis fairbecauseof thestiffsteelsplinewhichisused
-w
!

theholeslie

inFigure5,
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as a guidein the@yinding.It maybe notedinpassing:hatthe —

grindertableis grooveds~as topreventtheaccumulationof .,

grindingsunderthetempletwhileit is beingground. .
To datea greatnumberof wingsand strutshavebeen.cutin

themachineandtinerecanbe no questionof theirsuperiority

overhand-fashionedmodels.Thecostof a duralumin,steel,or

brqssmodelis con~idezablylessthanby theoldermethodandthe

accuracyof theworkisbeyondquestion.Whereverpossible,ma- .—
chine-cutmodelsarenowusedforthetestsin theM.I.T.tun-

nels. Mr.Nicholshasmadean importantcontribute.opto,aero-

nautical researchinmakingit possibietoattaina greaterac-

curacythanhas everbeforebeenpossible,andyetat a lowercost
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